Summary The in vivo antiandrogenicity of Casodex has been confirmed and characterised. Androgen receptor (AR) binding assays of rat ventral prostate gland cytosols revealed a relative binding affinity (RBA) for the AR of 0.267 and a k, of 1.25 x 10-7M for Casodex. In addition, the peripheral selectivity of Casodex relative to other non-steroidal antiandrogens was confirmed in that daily treatment of non-castrated rats with Casodex (25 mg kg-1) did not elicit any changes in serum LH and testosterone concentrations relative to vehicle-treated controls, whereas elevated serum LH and testosterone were observed in rats treated with flutamide (25 mg kg-1). The peripheral selectivity of Casodex in the intact male rat was related to the distribution of radiolabelled antiandrogen following intravenous injection. All tissues with the exception of the hypothalamus and cerebral cortex (CC) sequestered radioactivity such that the tissue: serum ratio (TSR) for the drug was greater than unity. In the testis, the TSR was less than unity 1 h after injection but approached unity 5 h after injection and was greater than unity 10 h after injection. This may be explained by the presence of a blood-testis barrier for the drug, resulting in delayed equilibration between the blood and testis tissue. By comparison, an order of magnitude lower amounts of radioactivity in the hypothalamus and CC were maintained for the 10 h period after injection. These data, together with known physicochemical properties of Casodex suggest that a blood-brain barrier exists for the drug which results in exclusion of this antiandrogen from central sites of androgen negative feedback and that this accounts for its peripherally selective antihormonal profile.
The clinical use of antiandrogens (androgen receptor blocking drugs) is indicated in a variety of pathological states (Mainwaring et al., 1987) , but perhaps most importantly for the treatment of androgen-dependent prostatic carcinoma (Sagalowsky, 1985; Williams, 1985) . In the earlier half of this century, it was conclusively shown that castration achieved either surgically or medically by the administration of oestrogens would provide temporary control of the progression of this cancer . As a consequence, castration and/or oestrogens became standard therapies for the treatment of prostatic cancer (e.g. VACURG, 1967; Williams, 1985) . Neither of these approaches is, however, without problems. Oestrogen therapy has long been associated with a higher cardiovascular morbidity (VACURG, 1967; Bailar & Byar, 1970; Hedlund et al., 1980; Henrikssen & Edhag, 1986) , and elderly patients are ill-equipped to deal with the surgical and psychological trauma associated with castration.
The first antiandrogen used clinically, cyproterone acetate, was seen to provide little improvement for prostate cancer patients compared to standard therapy (Scott & Schrimer, 1966; Smith et al., 1973; Wein & Murphy, 1973; Jacobi et al., 1980) . Furthermore, the use of cyproterone acetate has been associated with various adverse reactions (Markiewitz et al., 1969; Wein & Murphy, 1973) which have, in part, been attributed to the strong progestational activity of the drug (Neumann & Steinbeck, 1974) .
These findings led to the search for a non-steroidal antiandrogen having a pure antiandrogenic profile, i.e. having no other hormonal activity, in the hope that this would be associated with a lower incidence of adverse reactions.
The use of the two non-steroidal pure antiandrogens so far developed, flutamide and nilutamide (Raynaud et al., 1984) , has, however, been associated with elevated serum LH and testosterone concentrations resulting from interruption of androgen negative feedback on the hypothalamic-pituitary-gonadal axis (Neumann & Steinbeck, 1974) . Such actions of non-steroidal pure antiandrogens has led to the controversial suggestion that their use to control disease states in which hyperandrogenicity is aetiologically implicated is inappropriate (Neumann & Steinbeck, 1974) .
Recently, the structure and pharamacological properties of a potent non-steroidal compound, Casodex (ICI 176,334), having a pure antiandrogenic profile in rats and dogs but which does not induce associated rises in serum LH and testosterone concentrations, have been described (Furr et al., 1987; Furr, 1988 (Furr et al., 1987) .
Serum testosterone was estimated by RIA using an antiserum (R45/3) raised in rabbits against testosterone-3-carboxymethyl-oxime-bovine serum albumin. Significant cross-reactions were seen with 5a-dihyrotestosterone (57.1%, 19-nortestosterone (11.4%), and 5a-androstan-3p, 17p-diol (10.0%) while oestradiol, progesterone and corticosterone showed negligible cross-reactivity (<0.1%) (Furr et al., 1987) . Serum was extracted with 30 volumes of diethylether: petroleum ether (50:50). After separation of the aqueous and solvent phases by freezing in acetone/solid CO2 (Drikold, ICI Mond Division, Runcorn, UK) the solvent phase was evaporated to dryness by low heat under vacuum (Buchler Vortex Evaporator). Antiserum at a dilution of 1/50,000 and 1,2-3H-testosterone were added to the dried residue; the solutions were mixed and incubated overnight at 4°C. A suspension of dextran-coated charcoal was added to separate free and bound hormone. The sensitivity of the assay was 0.87 nmol 1-1. (Armitage, 1971) . This test demonstrated that this precondition could not be met. In both cases, simple logarithmic transformation of the data was sufficient to effect homogeneity of variance. Accordingly, Anovar was performed on the logarithmically transformed data (Armitage, 1971) . It should be noted that although for clarity the text refers to differences between group means, the statistical significances presented refer strictly to differences between the logarithmically transformed group means.
Results
Androgen receptor binding studies Specific 3H-mibolerone binding to rat prostate cytosol was readily depressed in a concentration-dependent fashion by mibolerone but not by progesterone, cortisol, or 5P-dihyrotestosterone ( Figure 1 ). Some competition for androgen receptor binding was seen by high concentration of oestradiol-17P (Figure 1 ).
In further experiments both Casodex and mibolerone readily depressed specific 3H-mibolerone binding in a concentration-dependent fashion (Figure 2 ) with IC50 values of 1.2 x 10-6M and 3.2 x 10-9M respectively. The relative binding affinity (RBA) of Casodex is then given by the ratio of the IC50 of Casodex to that of mibolerone. Thus, ascribing a value of 100 to mibolerone the RBA of Casodex is 0.267.
Scatchard analysis (Scatchard, 1949) of 3H-mibolerone binding to the rat prostate cytosol androgen receptor revealed a dissociation constant, kd for the rat prostate cytosol androgen receptor (mean of four experiments, data not shown) of 0.35 x 10-9M for mibolerone. Thus, from Bennett (1978) , the k, (binding affinity constant or an approximation of the dissociation constant) of Casodex for the androgen receptor is estimated to be 1.25 x 10-7M. (0) (Figure 3 ). Serum LH concentrations in the vehicle-treated control group remained fairly constant throughout the 28 day dosing period at 1-3ngml-l (Figure 3a) . Treatment of animals with flutamide resulted in a rapid increase in mean serum LH from 1.26 ng ml-' before dosing to 5.32 ng ml-' 4 h after the first oral dose (Figure 3a ). This increase was maintained throughout the course of the study and was found to be significantly (P<0.05) greater than mean serum LH concentrations at all bleeding times in either the vehicle-treated control group or the group treated with Casodex. In contrast, mean serum LH in animals dosed with Casodex did not differ significantly from the vehicle-treated control group over the 28-day period (Figure 3a) . The effects of the two antiandrogens on serum LH concentrations were paralleled by their effects on serum testosterone. Flutamide caused a rapid and large increase in serum testosterone from 3.73 ng ml-' before dosing to 10.77 ng ml-', 4 h after the first oral dose (Figure 4) . Again, this increase was maintained over the 28 day study and was found to be significantly higher (P<0.05) than mean serum testosterone concentrations at each of the intervals studied in either the vehicle-treated control group or the group treated with Casodex. The effect of Casodex on serum testosterone concentrations was similar to that seen with serum LH. The mean serum testosterone in animals treated with Casodex was not essentially different from that in the vehicle-treated control group (Figure 3b) .
Distribution of 3H-ICI 176,334 in intact male rats The tissues studied can be divided into four major groups on the basis of how they sequester radioactivity. First, the organs of metabolism and excretion, the liver and kidney; second, the androgen target tissues, prostate gland and seminal vesicle, the non-target organs, spleen and lung, and the anterior pituitary gland (APG); third, the hypothalamus and other central nervous system (CNS) tissues; and fourth, the testes.
The mean hepatic and renal TSRs 1, 5 or 10 h following injection of 3H-ICI 176,334 were significantly higher (P<0.05) than the corresponding means for the prostate gland and spleen (Figure 4) . The mean TSRs for the target organs prostate gland and seminal vesicle were not significantly different from the corresponding splenic mean at any of the three times after injection (Figure 4 ). There was substantial uptake of 3H-ICI 176,334 by the anterior pituitary gland (APG).
Mean testis TSR was seen to be significantly lower (P<0.05) than the corresponding splenic means 1 h after injection (Figure 4a ). No such significant differences were demonstrable either 5 h (Figure 4b ) or 10 h (Figure 4c ) after injection of 3H-ICI 176,334.
The mean hypothalamic and cerebro-cortical TSRs I h, 5 h and 10 h after injection were an order of magnitude lower than the corresponding means for any of the other tissues studied (Figure 4 ).
Discussion
We have used the synthetic radiolabelled androgen 3H-mibolerone to characterise the interaction of Casodex with the rat prostate cytosol androgen receptor. The competition curve demonstrates that specific 3H-mibolerone binding is readily depressed by androgen but not by progestin, glucocorticoid or 5p-dihydrotestosterone. This in agreement with published data (Schilling & Liao, 1984; Traish et al., 1986) . The competition for androgen binding seen with high concentrations of oestradiol-17P has been previously reported (Fang et al., 1969; Wilson & French, 1976; Brown et al., 1981; Schilling & Liao, 1984; Traish et al., 1986) . The parallel depression of 3H-mibolerone binding by non-radioactive mibolerone and Casodex is strongly suggestive of competitive antagonism by the antiandrogen. The estimate of the RBA of Casodex against mibolerone biding is of the same order as that previously reported for other non-steriodal antiandrogens (Raynaud et al., 1979) and is reflected by the high k, of Casodex for the androgen receptor of 1.25 x 10-7M.
The large and sustained increases in serum LH and testosterone concentrations seen following treatment of rats with flutamide confirms earlier reports of similar effects of this and other non-steroidal pure antiandrogens (Neri & Monahan, 1972; Sodersten et al., 1975; Neri, 1977; Neumann et al., 1977) . The lack of effect of Casodex on serum concentrations of LH and testosterone is again in agreement with earlier published work (Furr et al., 1987 , Furr, 1988 .
The distribution of 3H-ICI 176,334 was studied for a period of 10 h after injection. This time course was chosen as prolonged dosing of rats with Casodex is ineffective in raising (Furr, 1988) and the rich blood supply received by these organs. The distribution of tritium to the testis is an order of magnitude lower than the spleen 1 h after injection and may reflect the presence of a blood: testis barrier (Fawcett, 1973) .
Knowledge of the distribution of radioactivity to the hypothalamus and cerebral cortex is crucial in attempting to understand the peripheral selectivity of Casodex. The order of magnitude lower amounts of tritium present in these tissues compared to all other tissues studied at all three times after injection can most probably be explained by the presence of a blood-brain barrier for the drug.
In general terms, free entry into the brain across the blood-brain barrier occurs for substances having high lipid solubility, a low degree of ionisation at physiological pH and a lack of plasma protein binding (Brodie & Hogben, 1957; Brodie et al., 1960; Schanker, 1965) . Comparison of these properties for both Casodex and flutamide may well provide an explanation for their apparently divergent effects of serum LH and testosterone concentrations. The log P (derived from the oil : water partition coefficients) values for flutamide and Casodex are 3.35 and 2.92 respectively (L.R. Hughes, personal communication). Although both antiandrogens are highly lipid soluble, it is apparent that flutamide is significantly more lipophilic than Casodex. Furthermore, Casodex has been shown to be, on average, 95.4% plasma protein bound in rats at concentrations ranging from 0. mide and Casodex produce rises in LHRH secretion from perfused hypothalami in vitro (Belchetz, 1987) shows that the drug can exert antiandrogenic effects in the brain and would appear to provide further indirect support for the concept of barrier-mediated exclusion of Casodex from the central nervous system. These data suggest that the divergent effects of Casodex and flutamide on serum LH and testosterone concentrations can be explained by an inability of the former to penetrate the blood-brain barrier. It is interesting that, in spite of substantial uptake of 3H-ICI 176,334 by the anterior pituitary gland, there is no effect on LH secretion. This would imply either that the drug does not behave as an antiandrogen at this target tissue or that the pituitary gland is of little importance in the negative feedback effects of androgens in the rat. It remains to be seen whether Casodex retains peripheral selectivity in man but whatever the outcome this potent antiandrogeii is likely to be of interest in the treatment of androgen-responsive benign and malignant diseases. S.N. Freeman was funded by a CASE Studentship from the Science and Engineering Research Council and ICI Pharmaceuticals.
